Objective: To determine the most reliable mixed dentition analysis method for Nalgonda population. Materials and Methods: This study was conducted on 60 boys and 60 girls of Nalgonda population, in the age group of 13-16 years. The mesiodistal and buccolingual dimensions of the permanent incisors, canines, premolars, and 1 st permanent molars were measured on the study models of all the subjects. Seven different mixed dentition analyses were performed which include Bachmann's, Gross and Hassund's, Trankmann et al., Camilo et al., Legovic et al., Tanaka-Johnston and Moyer's methods and were later compared. The Pearson's Correlation coefficients were calculated between the sums of the mesiodistal diameters (MDDs) of permanent canine, and premolars as measured on the study models and the predicted MDDs of the same using each of these seven methods. Results: The correlation coefficient r was highest for Moyer's mixed dentition analysis with a value of 0.957 and 0.979 in the mandibular and maxillary arch respectively for boys and 0.935 and 0.946 in the mandibular and maxillary arch respectively for girls. Conclusion: Moyer's mixed dentition analysis was found to be the most reliable method for both boys and girls of Nalgonda population of all the 7 methods compared.
IntRoductIon
It is believed in orthodontic circles that a large number of cases of malocclusion start during the mixed dentition stage, which spans at an interval from the 6 th year to the 12 th year of life. Many of these developing malocclusions may be reduced in severity or even eliminated entirely by timely management. [1] Early diagnosis and successful treatment of developing malocclusions can have both short-and long-term benefits while achieving the goal of occlusal harmony, function and dental facial aesthetics. Mixed dentition space analyses form an essential part of an early orthodontic evaluation. They help to determine the amount of space available, whether in the mandibular or maxillary arch, for the accommodation of unerupted permanent teeth, usually the canines and premolars. An accurate analysis is one important criterion in determining whether the treatment plan may involve serial extraction, guidance of eruption, space maintenance, space regaining, or just periodic observation of the patient. [1] There are four types of methods, which are commonly used for prediction of the mesiodistal diameter (MDD) of the unerupted permanent canine (C), 1 st premolar (P-1) and 2 nd premolar (P-2). They are by "Application of mean values for the MDD of C, P-1 and P-2," by "correlation or regression methods," by "correlation and radiographic methods" and by "radiographic methods." Among these four types of methods, the regression methods are the most commonly used. [2] The various regression methods that are reported include Bachmann's, Gross and Hassund's, Trankmann et al., Camilo et al., Legovic et al ., Tanaka-Johnston, Moyer's method etc., Among the various regression methods, Tanaka-Johnston and Moyer's mixed dentition analyses are most broadly used. [3] Studies conducted by Dasgupta and Zahir, [4] Sholapurmath et al., [5] and Namitha et al., [6] using, Tanaka-Johnston and Moyer's methods on various Indian population showed statistically significant difference between the actual and predicted sum of MDD of permanent canine, first and second premolars. Legovic et al., [7] established regression equations for the purpose of accurately predicting the widths of the crowns of unerupted canines and premolars on the basis of the measured MDD and vestibulo-oral diameter of the crowns of the erupted central and lateral incisors and first permanent molars (Zagreb population [8] ) have used regression analysis for predicting the MDD of the unerupted canines and premolars. When Camilo et al., method was used in other studies by Tikku et al., [9] and Shah et al., [10] in Indian population, significant difference was found.
The development of these methods was based on the data derived from the population of various descents. Therefore, the accuracy of these prediction methods may be in question when applied to other population groups because it has been well established in the literature that tooth sizes vary considerably between the racial groups. [1] However, the literature survey has not reported any studies on the above-mentioned regression methods other than Tanaka-Johnston, Moyer's and Camilo et al., methods in the Indian population.
Hence, this study was an attempt to compare these seven different regression types of mixed dentition analysis methods and to determine the most reliable method for boys and girls of Nalgonda population.
MateRIals and Methods
A total of 120 children (60 boys and 60 girls) in the age group of 13-16 years of Nalgonda population were taken for the present study.
The following selection criteria were used.
• All the subjects in the permanent dentition • No active caries or restorations • No obvious anomalies regarding number, form, size or structure of the teeth • The mesiodistal and buccolingual surfaces of the crowns of all permanent teeth intact • Relatively well aligned arches which enable the measurement of mesiodistal widths.
The mesiodistal and buccolingual dimensions of the permanent incisors, canines, premolars, and the first permanent molars were measured on all the study models in all four quadrants as shown in Figures 1 and 2 . The measurements were done using a calibrated digital caliper with an accuracy of 0.01 mm. All measurements were carried out twice by one author and the mean of the two values was used. The correlation coefficient between the first and the second measurements ranged from r = 0.87-0. 99. Method error (ME) assessed for the two measurements was based on the Dahlberg's formula:
between 1 st and 2 nd measurement and n = number of double measurements). The ME for the mesiodistal widths was determined to be 0.019 mm.
The methods which are compared here are:
• Bachmann's (1986) method: • Legovic et al. method: [7] • Girls lower jaw • Tanaka-Johnston method: [11] Predicted width of permanent canine, first premolar and second premolar (maxilla) = Sum of MDD of four mandibular incisors/2 + 11 mm.
Predicted width of permanent canine, first premolar and second premolar (mandible) = Sum of MDD of four mandibular incisors/2 + 10.5 mm (MDD)
• Moyer's method: [12] For the method proposed by Moyers (1973) , the predicted sum of the widths of the crowns of permanent canines and premolars were taken from the relevant tables [12] taking into account the incisor measurement from the study models.
The Pearson's correlation coefficients were calculated between the sums of the MDDs of permanent canine, first and second premolar in both the arches as measured on the study models and the predicted MDDs of the same using each of seven different methods. The software used for the statistical analysis was SPSS 19 (SPSS, Chicago, Illinois, USA), and the level of significance was P < 0.01.
Results
The Pearson's correlation coefficients between the mesiodistal widths of the same teeth on the right and left sides of the arch were high (girls: Maxilla = 0.994, Mandible = 0.956; boys: Maxilla = 0.995, Mandible = 0.963). The correlations are found to be higher in the maxilla than in the mandible in both girls and boys. These high correlation coefficients between the right and the left sides justify the use of the size of the teeth on either side [13] and it was therefore decided to accept the measurements on the left side of the dentition. Tables 1 and 2 show the order of reliability of the prediction methods for girls and boys. In both the arches highest correlations were found for the Moyer's mixed dentition analysis method in boys and girls and the correlations were even higher in the maxilla compared to the mandible in both the sexes. Tables 3 and 4 show the frequency of positive and negative differences between the measured and predicted values of the sums of the MDDs of C, P 1 and P 2 crowns in the maxilla and mandible respectively in 60 boys and 60 girls. Though Moyer's analysis showed highest correlations in both the sexes, it over predicted compared to the measured values in 104 cases out of 120 cases and under predicted in 16 cases in maxilla and it over predicted compared to the measured values in 91 cases out of 120 cases and under predicted in 29 cases in mandible. Tables 5 and 6 show the differences between the measured and the predicted values of the sums of the MDDs of C, P 1 and P 2 crowns in the maxilla and mandible respectively with regard to the prediction procedure. The Moyer's method proved to be most reliable for both genders and for both arches, with correlations of 0.957 in mandible and 0.979 in maxilla for boys and 0.935 in mandible and 0.946 in maxilla for girls. The predicted values were higher than the measured values in 89.16% of cases in maxilla and 75.83% of cases in mandible. The differences between the measured and predicted values in maxilla ranged between − 2.00 to + 3.00 and in mandible it is − 1.50 to + 2.50.
The correlation coefficients between the predicted and measured dimensions using the method of Tanaka-Johnston were 0.338 in maxilla and 0.477 in mandible for girls and 0.38 in maxilla and 0.57 in mandible for boys. The predicted values were higher than the measured values in 30.8% of cases in maxilla and 0.11% of cases in mandible. Tanaka-Johnston method showed least correlations in maxilla for males and in mandible for females. The differences between the measured and predicted values in maxilla ranged between −3.00 to +3.00 and in mandible it is −3.00 to +1.50. The correlation coefficients between the Gross and Hassund method measured values were 0.543 in maxilla and 0.616 in mandible for girls and 0.446 in maxilla and 0.594 in mandible for boys. In 56.6% (maxilla) and 41.66% (mandible) of cases the predicted values were higher than those measured. The differences between the measured and predicted values in maxilla ranged between −2.50 to +3.00 and in mandible it is −3.00 to +2.50. The Gross and Hassund regression method showed relatively high correlation coefficients in girls than in boys.
In the maxilla, the correlation coefficients between the measured dimensions and those predicted when applying Bachmann's method were 0.555 in maxilla and 0.611 in mandible for girls and 0.502 in maxilla and 0.491 in mandible for boys. This method showed relatively high correlation coefficients in girls as compared to boys. The predicted values were higher than the measured values in 63.33% of cases in maxilla and 40% of cases in mandible. The differences between the measured and the predicted values in maxilla ranged between −2.00 to +3.00 and in mandible from −3.00 to +2.50. Bachmann's method showed least correlations among all the methods in mandible for boys.
Using the method described by Trankmann et al., the correlations between predicted and measured dimensions were as follows: For girls: Maxilla 0.528 and mandible 0.521, and for boys: Maxilla 0.509 and mandible 0.559. The predicted values were higher than measured values in the maxilla in 61.66% of cases and in the mandible in 43.33% of cases. The differences between the measured and the predicted values in maxilla ranged between −2.00 to +3.00 and in mandible from −2.50 to +3.00
The correlation coefficients between predicted and measured dimensions using the method of Legovic et al., were for girls: 
dIscussIon
The size of the teeth is related to genetics (e.g. gender and ethnicity) and the environment. Racial and gender-specific mixed dentition space analyses require revision or validation once every generation (approximately 30 years) because of changing trends in malocclusion and tooth size. The accurate width of an unerupted tooth is important for correct diagnosis of a case. Neither overestimation nor underestimation of width should be done for an accurate treatment plan. [14] The Tanaka-Johnston method of space analysis is considered by many authors as the most clinically useful of all other analysis techniques as it requires no radiographs or tables to predict the size of unerupted teeth. [15] Some researchers reported an overestimation of the size of unerupted canines and premolars when using the Tanaka-Johnston prediction equations, [1, 16] and a few others have reported an underestimation of unerupted permanent teeth. [1] In the present study, the Tanaka-Johnston analysis underestimated in 69.16% of cases in maxilla and in 88.33% of cases in mandible. It showed least correlations in maxilla for boys and in mandible for girls. The results of this study were comparable with the findings of the investigations done in Indian population by Dasgupta and Zahir, [4] and Sholapurmath et al. [5] Moyer's mixed dentition analysis is based on the correlation of tooth size between the sum of the lower permanent incisors and unerupted canines and premolars. Moyer's recommended using the 75 th percentile level of probability in his tables to protect on the crowded side. [12] It was, therefore, concluded that because of the differences in mesiodistal widths of mandibular permanent incisors, canines and premolars among different ethnic groups, data collected from one ethnic group for the purpose of predicting the size of unerupted permanent teeth might not be applicable to another. [16] In the present study, Moyer's method at 75 th percentile of probability proved to be the most reliable prediction method because of highest correlations with the measured values but, it over-predicted in 89.16% of cases in maxilla and 75.83% of cases in mandible. The present findings were consistent with the results of studies reported by Manjula et al., [17] conducted in Nalgonda population and various other studies conducted in Indian population by Chandna et al., [18] Abu Alhaija and Qudeimat [16] and Namitha et al., [6] Many authors have reported over prediction of values when this method is used in different other populations. [2] Camilo et al., method in the present study showed low correlations in the mandible for girls and for boys' highest correlations after the Moyer's method. When this method was used on Indian population by Tikku et al., [9] and Shah et al., [10] significant difference was found, thereby confirming racial variation.
Bachmann method, Gross and Hasssund method and Trankmann et al. method which were shown to be reliable in a study conducted by Alen Boboc and Jos Dibbetts, [19] showed only average correlations in the present study. The probable reason for this difference could be a different population that was selected.
Bachmann method, Gross and Hasssund method and Trankmann et al. method showed more correlation in a study conducted by Legovic et al., [2] when compared to thepresent study. This could be because of the different population selected for their study. Legovic et al. method overall showed average correlations in boys and girls in the present study.
In the present study, the correlations for Moyer's method were higher in the maxilla compared to the mandible in both the sexes. In a study conducted in Indian population by Durgekar and Naik, [14] males show the highest r 2 ( 0.56) value for the maxillary buccal segment. This shows that the prediction equation of the maxillary arch for male subjects is more precise. Female subjects have the lowest r 2 ( 0.25) value for the maxillary arch, which implies that the prediction equation is least precise for the maxillary arch in female subjects. In a similar study by Godfrey et al., [20] they obtained lower r 2 values (0.29 for maxillary teeth and 0.34 for mandibular teeth in males; 0.39 for maxillary teeth and 0.42 for the mandibular arch in females). In another similar study conducted on subjects in Southern Thailand, r 2 values were 0.46 and 0.47 for maxillary and mandibular teeth, respectively. [21] The differences in the sets of r 2 of these studies for maxillary and mandibular arches might be attributable to the effects of different sample sizes and ethnic mixes.
conclusIon
• The Moyer's mixed dentition analysis method was found to be the most reliable method amongst the methods compared in children of Nalgonda population among all the methods • Moyer's analysis showed highest correlations in both boys and girls and in both maxilla and mandible • The correlations for Moyer's method were higher in the maxilla compared to the mandible in both the sexes.
Short comings of the present study
• The sample size in the present study could have been larger • Combined boys and girls correlation co-efficient could have been derived for maxillary and mandibular arches.
Scope for future studies
• A three dimensional measuring machine can be used to measure the mesiodistal tooth dimension • Digital models can be created and measurements and calculations can be carried out using software, which reduces the measurement errors • Using the same sample a regression equation to predict the mesiodistal width of permanent canine, first and second premolars can be arrived at.
